The petroleum-generating potential of Cretaceous sediments from the Bermuda Rise was investigated in terms of their organic richness and thermal history. The results of the study indicate that some sediments contain sufficient amounts of thermally reactive or¬ ganic matter to be considered potential, or future, petroleum source rocks. None of the samples, however, have been buried deeply enough to reach the level of organic metamorphism at which sig¬ nificant petroleum generation begins. Visual kerogen observations indicate that reworked, terrigenous organic matter is a major com¬ ponent of the kerogen in many sediment samples.
INTRODUCTION
At Sites 386 and 387 on the Bermuda Rise ( Figure  1 ), Leg 43 of the deep Sea Drilling Project (DSDP) penetrated a sequence of Cretaceous sediments, con¬ taining numerous beds of black claystones. Because similar sediments recovered at other DSDP sites in the North Atlantic (Hollister, Ewing, et al, 1972; Hayes, Pimm, et al., 1972) are frequently rich in organic mat¬ ter, we obtained several sediment samples from these two sites for the purpose of evaluating their petroleumgenerating potential. Our objectives were to determine whether these sediments contain enough thermally re¬ active organic matter for the generation of significant quantities of petroleum, and whether they have been exposed to subsurface temperatures high enough for the thermal conversion of kerogen to petroleum. In ad¬ dition, we used organic carbon data and visual kerogen analyses to characterize the types of organic matter in the sediments.
To measure the abundance of organic matter, we determined both the organic carbon (C org ) and effec¬ tive carbon (C eff ) contents of the sediment samples. Or¬ ganic carbon, or acid-insoluble carbon, reflects the total amount of organic matter in the sediment. It is deter¬ mined by measuring the carbon dioxide evolved during combustion of an acid-treated sample. Effective carbon, on the other hand, reflects the fraction of organic car¬ bon which is thermally convertible to petroleum. As es¬ timates of effective carbon, we used two laboratory py¬ rolysis procedures. One method, pyrolysis fluorescence (PF), is a rapid means of evaluating a sediment's pe¬ troleum-generating potential, by measuring (in arbi¬ trary PF units) the amount of fluorescing bitumen gen¬ erated on heating. PF values in rocks may range from zero to several thousand units. The second method, py¬ rolysis FID (P-FID), provides a measure of the hydro¬ carbons and hydrocarbon-like compounds produced by heating the sample from 25° to 750°C. The effective carbon content is computed as 85 per cent of the hy¬ drocarbon generated in the temperature range of 300° to 650 °C; it does not include pre-existing hydrocarbons which are distilled from the sample at lower tempera¬ tures.
The conversion of kerogen to petroleum is a temper¬ ature-dependent reaction, and the effects of organic metamorphism can be observed as changes in the chemical and physical properties of the kerogen. The reflectance (in oil) of vitrinite, a coal maceral which is disseminated in many sediments, is a commonly used method for measuring the level of organic metamor¬ phism (LOM; Hood et al., 1975) . As shown in Figure  2 , vitrinite reflectance is applicable over the wide range of coal rank and LOM in which oil and gas are formed.
The analytical techniques have been described in greater detail by Hood et al. (1976) . 
RESULTS AND DISCUSSION

Abundance of Organic Matter
On the basis of studies of organic carbon in petrolif¬ erous and non-petroliferous sedimentary basins (Ronov, 1958; Schrayer and Zarella, 1963) , we generally consider 1.0 to 1.5 per cent organic carbon to be a min¬ imum requirement for a potential source rock of petro¬ leum. We regard pyrolysis techniques as better indica¬ tors of petroleum-generating potential, however, since they measure directly the petroleum-like material gen¬ erated during heating. In this regard, we believe that sediments should have PF values greater than 10 or pyrolysis hydrocarbon yields greater than 0.30 per cent (0.26% C eff ) before they can be considered potential source rocks.
The organic carbon values of the Leg 43 sediments are summarized in Table 1 . The organic carbon con¬ tents of the sediments range from 0.13 to 8.9 per cent, and the effective carbon contents range from almost 0 to 4.4 per cent. The above criteria indicate that several samples from Site 386 contain enough reactive organic matter to be considered potential source rocks of petro¬ leum. While several other samples have organic carbon contents between 1.0 and 1.5 per cent, their effective carbon contents are all less than 0.1 per cent, indicat¬ ing that little petroleum could ever be generated from such sediments.
There is considerable variability in the petroleumgenerating potential of the sediments at Sites 386 and 387. This is best illustrated by comparing two subsamples from Sample 386-44-3, 139-145 cm. Subsample "b"-a laminated, gray-black claystone-contains 1.3 per cent C eff . By contrast, the adjacent subsample "a"-a mottled, greenish gray claystone-contains negligible reactive organic matter. In this context, organic carbon determinations of only a few samples may not be a re¬ liable indicator of a sedimentary unit's overall petro¬ leum-generating potential. None of the tabulated sam¬ ples from Site 387, for instance, contain enough or¬ ganic carbon to be considered potential source rocks. Yet, additional measurements of effective carbon and pyrolysis fluorescence by Kendrick (this volume) indi¬ cate that source rock quality sediments do occur at Site 387.
Level of Organic Metamorphism (LOM)
Several of the samples from Leg 43 exhibit a broad distribution of vitrinite reflectance values. Because re¬ flectance values for vitrinite in a humic coal commonly fall into a narrow range, the occurrence of broader re¬ flectance distributions in several Leg 43 samples im¬ plies that some vitrinite either has been partially oxi¬ dized or has been recycled from sedimentary units with a prior thermal history. The influence of reworked or oxidized vitrinite can be observed in the histograms of Hood and Castano (1974) and Hood et al. (1975) . between the histograms in Figure 3 , the distinction be¬ tween primary and reworked vitrinite is seldom so clear. It is clear, however, that samples containing re¬ worked vitrinite will give estimates of LOM which are too high if based on the entire population of reflec¬ tance values. The results of the vitrinite reflectance measurements are summarized in Table 2 . For each sample, an X value is listed, which indicates the range and mean of all vitrinite reflectance measurements made on the sample. For some samples, an A value is also given, which indicates those measurements interpreted as pri¬ mary vitrinite. A values and LOM's have been listed only for those samples in which the primary vitrinite can be distinguished readily from the histogram of vi¬ trinite reflectance values. When the histograms of vitri¬ nite reflectance are plotted as a function of depth (Fig¬ ure 4), it can be seen that some histograms lie wholly to the right of the line tracing Ro for primary vitrinite. Such samples, which contain reworked virtinite almost exclusively, cannot be considered reliable indicators of LOM. Figure 4 indicates that vitrinite reflectance at Site 386 increases from about 0.25 to 0.35 per cent. Near the base of Site 387, Ro is about 0.25 per cent. These values of vitrinite reflectance correspond to coal ranks of lignite to sub-bituminous C and to LOM's less than seven. These low levels of organic metamorphism indi¬ cate that the sediments have not been buried deeply enough to reach the LOM of about 8 at which oil gen¬ eration begins (Hood et al., 1975) . Consequently, de¬ spite the high contents of organic matter in some sedi¬ ments, the Cretaceous sediments can be considered only as potential, or future, source rocks of petroleum.
Types of Organic Matter
During the measurements of vitrinite reflectance, semiquantitative visual estimates of the types of or¬ ganic matter were made, according to the classification scheme in Table 3 . Liptinite and amorphous kerogen represent lipid-rich material which is either structured (spores, algae, etc.) or unstructured, respectively. Vitri¬ nite represents hydrogen-lean organic matter, typically derived from land plants. Inertinite includes thermally inert macerals such as fusinite, semifusinite, and micrinite. We no longer include reworked vitrinite in the category of inertinite because of the difficulty in distin¬ guishing primary and reworked vitrinite in many sam¬ ples.
The results of the visual kerogen analyses (Table 3 ) are surprising because they indicate that vitrinite con¬ stitutes a major fraction of the organic matter in many of these sediments. The numerous high values of vitri¬ nite reflectance in many samples further imply that much of the vitrinite is reworked from older sedimen¬ tary units. These observations indicate that the input of reworked, terrigenous organic matter strongly influ¬ enced the composition of organic matter in the sedi¬ ments. Large amounts of amorphous kerogen, which could reflect the contribution of marine organic matter, are present in only a few samples.
Differences in the composition of organic matter ob¬ served visually are reflected in the amounts of organic carbon which are thermally convertible to petroleum. Organic matter which consists predominantly of vitri¬ nite and inertinite tends to yield very little hydrocar¬ bon-like material during pyrolysis. Effective carbon commonly constitutes less than 10 per cent of the or¬ ganic carbon. In those samples that contain appreciable amounts of amorphous kerogen, the proportion of ther¬ mally reactive material is higher. Sample 386-43-3, 135-138 cm, in particular, has an effective carbon con¬ tent which is 50 per cent of its organic carbon value. Though the relationship between maceral composition and pyrolysis behavior is not precise, this comparison indicates that the amount of petroleum generated from a kerogen is affected by the kinds of organic matter of which it is made. (386-44-3, 139-145b); (b) reworked vitrinite (386-44-3, 139-145a 
